Construction is one of the most dangerous industries , and falls are a frequent cause of fatal injuries in this industry. Of the 4,693 fatal work injuries that occurred in 2011, 553 (12%) were the result of falls to a lower level. Fatal falls in construction accounted for 46% of all workrelated fatal falls in 2011 [BLS 2012] . OSHA estimates that each fall from an elevated position in construction (both fatal and nonfatal) costs between $50,000 and $106,000 [OSHA 2012] . Workers are at risk of falling during initial construction, and after completion during operation, maintenance, renovation, and demolition of buildings. Facility features associated with falls include floor and roof edges, elevated platforms, ledges, atria, skylights, machine rooms, and ladders and stairways. Falls can occur from temporary structures used in construction and maintenance such as scaffolds or ladders, or from permanent locations such as roofs.
Standards
OSHA Standard 29 CFR * 1926.502 covers requirements for fall protection systems. One of the following is always needed to protect workers from falls: ▶ Job-built or commercially available guardrails that meet OSHA height and strength requirements [29 CFR 1926.502(b) ; Bobick et al. 2010] .
▶ Properly designed anchor points with appropriate personal fall arrest systems and lifelines [Bobick et al. 2010] .
▶ Other forms of fall protection such as safety netting [29 CFR 1926.502(c) 
Prevention through

Design (PtD)
PtD addresses worker exposure to hazards during the design stages of a project. For example, when a building or other structure is designed or redesigned, risks of fall-related injuries and fatalities to construction workers and users of the completed facilities could be minimized by following a PtD approach. NIOSH recommends that facility designers, owners, constructors, and safety and health professionals collaborate to perform one or more safety design reviews to explore and address hazards likely to occur over the life cycle of the facility.
This approach would incorporate safety features into the building's design, address fall hazards in construction plans, establish safety criteria for buying equipment, and communicate risks to building owners and facilities personnel [Behm 2005 ] rather than rely on other forms of protection such as personal protective equipment (PPE) or administrative controls. 
Contents
Design Solutions
Designers should first consider the need for permanent fall protection features to protect construction workers, future occupants of facilities, and repair workers from fall hazards. A safety design review can help evaluate tasks that expose workers to hazards. Designers and safety and health professionals can then use the hierarchy of controls to select the most appropriate options to address the identified risks . The hierarchy of controls for fall protection involves the following:
1. Eliminating or modifying the fall hazard itself is the preferred approach:
a. Adopting a building design involving a single level at grade rather than multiple levels at elevations would be the best way to eliminate the fall hazard.
b. Using parapet walls or permanent guardrails to separate the worker from the fall hazards would be the next preferred approach to eliminating the fall hazard.
2. The second option is providing a fall restraint system that secures the worker via an anchor point, connector, lanyard, and body harness to prevent the worker from reaching the fall hazard is the next option.
3. Installing a fall arrest system: this final option also uses an anchor point, connectors, lanyards, and body harnesses, but allows exposure to the fall and is then designed to stop the fall after it has begun.
Installing permanent fall protection features, depending on when they are installed during the construction process, may also be used to provide fall protection to workers during the construction phase.
A common requirement for all fall protection is the provision of suitably designed and installed anchor and support locations, which include a "secure connecting point or a terminating component of a fall protection system or rescue system capable of safely supporting the impact forces applied by a fall protection system or anchorage subsystem" [ANSI/ASSE 2011]. For many types of commercial and institutional buildings, equipment could be permanently embedded into steel or concrete parts of a building and used to set up fall protection systems. 
Embeds for guardrail support
Steel embeds could be placed along concrete slabs so that guardrails could be installed at the edges of all floors during construction. Embeds provide a secure method of installing guardrails that is quicker to install compared with bolted guardrail systems. Embeds could be used for both temporary systems used during construction, or for permanent guardrail or parapet systems used for both construction, operations and maintenance, and other future life-cycle needs.
Embedded roof anchor points
Anchor points are needed when a personal fall restraint or personal fall arrest system is selected for fall protection. Several embedded anchor points can be installed so that they provide tie off points for attaching horizontal or vertical lifelines used for these systems. 
Cost Savings/ Advantages of Permanent Features
According to OSHA regulations, employers are the entities responsible for worker safety. Perhaps for this reason, architects and design engineers do not always consider hazards during the design phase of a construction project. It is also possible that building designers are wary of assuming responsibility for future safety incidents, however there is no research to suggest that building designers who consider safety are more subject to lawsuits than those who do not. Designers may also perceive that safety features take more time and money to install; designs are meant to be completed on schedule and cost effective for the owner . But having the fall safety features in the original design and permanently embedded in concrete has been shown to save money. Fall protection can be set up more efficiently using permanently installed features rather than the added costs associated with installing temporary fall protection each time there is a roof-related maintenance or renovation task . As noted by , roof anchor points are generally low cost.
Case Study
The NIOSH Fatality Assessment and Control Evaluation (FACE) Program supports fatality investigation programs in several States. The following case from New Jersey illustrates the importance of correct installation and how embedded anchors might have prevented a fall.
A 51-year-old construction worker died after falling from the roof of an industrial warehouse under construction. He was wearing full protective equipment, including a harness and retractable lanyard connected to a temporary metal anchor installed as part of the construction fall protection system. The anchor was attached to the unsecured leading edge of the corrugated decking. When the anchor broke free, he fell 40 feet to the ground.
In addition to improper anchor plates and screws, another contributing factor to the fall was having the anchor plate mounted on an unsecured edge. If the anchor plate had been an embedded feature that was part of a permanent fall protection system, the anchor might not have broken free and caused the victim to fall to the ground [NJ DOH 2012] .
Recommendations This document is in the public domain and may be freely copied or reprinted. NIOSH encourages all readers of the Workplace Design Solutions to make them available to all interested employers and workers.
As part of the Centers for Disease Control and Prevention, NIOSH is the Federal agency responsible for conducting research and making recommendations to prevent work-related illness and injuries.
